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In the previous report, the effect of phase differences on the H-antigen
transduction in Salmonella was tested. The data are summarized in Table 1 and
Table 2. From these results, the hypothesis has been proposed on the mechaniam
offzzase variation; that is, each phase is controled by the different locus,
phase 1 by H; and phase 2 by Hp, and H2 suppresses the action of H,, andfgﬁase
variation occurres by the mutation of H, to inactive allele hy. In other words,
phase 1 has genotype th2 and phase 2 has genotype Hng. In the present paper,

(7adle 3 smd [mbde )
the data offered by Dr. Laderbergﬁwill be discussed,,by comparing them with those
of the previous report and with the results deduced from above hypothesis.

Before beginhing the discussion of the data, the expected results from the
above hypothesis will be considered theoretically, which will be convenlent to
discuss the data quantitatively. In general, Phise/L/ALL/ bAR/ EFARAARES/ Y/ BE/ 1> .
AEd/DRABA/ R/ B RL BF/ BE/ LD/ FAEAFA/ L4/ KRS/ BftARESFE Dhage can transduce Eycor hy
fromephageil cell, and Hy or H2 from phase 2 cell in regard to the H-factors, so
the frequencies of the phages whkich carry H,, Hy or hy in total H-carrying phages

are as follows:

FA(Hy)-—-—- 1, (@1+dp) = 17
EA(Hz) ----- 12d2
FA(ho)~—-—= 1,4 ‘)
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1, = Probability of Hj-incorporation by phage in total H—incorporation.’//:;/;< ,
)
12 = Probability of Hz—incorporation by phage in total H-incorporation, ((
11+12 =1
d; = Frequency of phase 1 cells in donor culture.
d2 = Frequency of phase 2 cells in donor cultures

dy+d2 = 1



These phages are transduced into reciplent cells and produce following four
combinations: ilhz' Hlﬁg, ﬁng, and Hlﬁz, and the frequency of each type 1s

as follows,

ﬁihz -——= 11097 €1)

HE, - 1,008, (r415) = 1,08, (2)

ﬁlﬂz - 1,07y 3)

Hlﬁz —— lzczdl(r1+r2) = 12c2d1 (4)
ry = Frequency of phase 1 cells in recipient culture.
r, = Frequency of phase 2 cells in recipient culture.
e, = Efficlency of Hy-incorporation by recipient cells.
ey = Efficiency of Hz-incorporation by reéipient cells,

For the simplification, lc is replacek by t ( transductien coefficient of locus ),

then,
ﬁlhz Eadadeend tlrl (l')
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B, -— b8, (21)
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EIHZ - t1r2 (3')
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When antiserum for the H-antigens of the recipient cells are used as selective
agents, type (3) and type (4) are selected away, so the ratio of phase 1 trans-
duced type so’ phase 2 transduced type &s

B o H, e ur ot (5).
Thus, when antiserums are used as selective agents, the frequency of the transducs
tion of phase 1 1ncreas§ with the increase of the frequency of the phase 1 cells
in recipient culture regardless the frequency in donor cultures, whe#;s the
frequency of the transduction of phase 2 increases with the ingrease of the phase

2 cells in donor cultures regardless the frequency in recipient culture. The

transduced types,when donor, recipient or both contain only one of:alternative

phases,are shown in Table 5.



Now, we shall turn back to the experimental results. The data shown in
table 3 coingide well with results deduced from the hypothesis. Only one contra-
diction is the appearance of thec2 H,-transduced types in phase 1 -x phase I
combination. As indicated by formule (5) and Table 5, Hy-transduced type appears
only when donor containséghase 2 cell, so the possible explanation of this
discrepancy may be the contamination of phase 2 during the course of preparation
of phase l-lysate by the phase variation (h2 to Hz). The same consequences have
been observed also in the phase 1 -x phase 2 and phase 2 -x phase 2 combinations
in Table 1, though the direction of the variation is rever§g§; These few contami-
nations are very liable to occur as the mutation ratés betwveen each phase are very
high and the preparation of the lysate requires the growth pt the bacterial cells
until the mumbers which allow the occurrence of the mutation H2 2 hz.

The experiments shown in Table 2 and Table 4 were performed with same
donor (TM2, i:1,2) and recipient (Sal. abony, b:enx) strain but with different
lysates and cultures. The results of phase 1 -x miﬁéphase coincide with each
other and also with the theoretical expectation (Pable 5). One phase 2 tyamsduced
type in the combination of phase 1 -x mixed& phase in Table 4 may be explained
as the result® of the mutation from phase 1 to phase 2 during the preparation
of lysate.

In the results of phase 2 -x mixed phase, marked confliction is found
out. According to the theoretical expectation, phase l-transduced type and
phase 2-transduced type must appear at the rate of tjr;/t,. The result indicated
in Table 2 is explained as t1r; = t5, and r] = 0.46 as reported in the previous
paper, so 0,46tl = t5. That is, the transduction efficiency of phase 2 is
about half of phase 1 locus.

( tl/t2 can be calculated also from phase 2 -x phase 1 experiment in Table 4,

where the ratio of phase 1 transduced type to phase 2 transduced type coincide

with the ratio of tl to $5.  So,



t/ty = 42/11, 0.25%y = t,.
Thus the efficiency of transduction of phase 2 locus is about one fourth of the
phase 1. )
While Table 4 showes no phase 1 transduced type in the experiment phase 2 -x
mixed phase , which is expressed by the following formula,

tir1 =0 or t1r) K .
as suggested by Dr. Lederberg, ry = 0.5, So the remained possibility is

6 K 6

This is completely reverse condition with?;revious pases in regard to the
efficiency of transduction, and it is required to assume the great variability
of tl/tz-ratio to explain these results without contradiction. Thus, it may
be most important to test in what extent the tl/tz—ratio is vaeiable by the
experimental condition ( e.g. the concentration of donor or reecipient culture,
or the difference of the strain ), in order to proceed the discussion about the

mechanism of phase variation on the basis of the proposed hypothekss.



Table 1.
Transductions between single phase cultures of diphasic strains.

Sal. abony (Fla', b:enx) -x Sal. heidelberg (Fla~, r:l,2).

Phase Phage Antigen types of FIE*;trgnsformed cells Ratio of
of of Unlinked type Linked type Total  linked
donor recivpient r:(1,2) (r):1,2 Total b:(1,2) (b):1,2 Total transduction
1 (b) 1 (r) 21 0 21 22 0 22 43 0.51
1 (b) 2 (1,2) 0 7 7 1 42 43 50 0.86
2 (enx) 1 (1) 11 0 1 30 0 30 41 0.73
2 (enx) 2 (1,2) 1 10 11 1 38 39 50 0,78
Total 33 1? 50 Sk 80 134 184 0.73
X2 (ratio of linked transduction) = 13.69, n== 3
P - 0.01
Table 2.

Transduction of Hy and H, from single phase culture to mixed phase
culture in the diphasic strains ----(1), Transformed cells were

selected by anti-1 and -1,2 serum. Sal, typhimurium -x Sal. sbony.

No., of the transformed cells

Donor Recipient 1:(enx) (b):1,2
TM-2 phase 1  SW-803 19 0
(1) (b:enx)
T™-2 phase 2 . Lk 14

(1,2)




Table 3.

Transduction of the H-antigen factors between single phase cultures

of diphasic strain (Sal. abony, biemx -x Sal. typhimurium TM-2, i:

1,2). Transformed cells were selected by anti-i and -1,2 serum.

Phase of Phase of No. of the transformed cells
Donor Recipient b:(1,2) (1):enx
1 (b) 1 (1) 10 2
2 (enx) 1 (1) 4 2 11
1 (o) 2 (1,2) 0 0
2 (enx) 2 (1,2) 0 17
Table 4.

Transductions of H; and H, from single phase culture to mixed phase

culture in the diphasic strains ----(2). Transformed cells were

selected by anti-i and -1.2 serum. Sal. typhimurium -x Sal. abony.

No. of the transformed cells

Donor Recipient i‘[enx) (b):1.2
-2 phase 1 SW-803 33 1
(1) (b2 enx)
TM-2 phase 2 f 0 . 12
(1.,2)




Table 5.

The results of H~transduction between diphasic strains, expected from the

proposed hgpothesis when selected by the antiserum for the antigen of the

recipients.
Phase of Phase of a r Ratio of Hl-transduced type
donor recipient 2 1 to Hp transd?ced tyﬁe
1 ’ 2
1&2 1 &2 7 0<dx1 O<ry<1 %317 tods
1 1&2 0 0<ri<1 11 v
2 1&2 1 0¢ri<l t171 t,
1&2 1 0<dp<l 1 ty tod,
1&2 2 0¢d (1 0 0 tod,
1l 1 0 1 % 0
1 2 0 0 0 0
2 1 1 1 t1 tp
2 2 1 0 0 to
ry = frequency of phase 1 cells in recipient culture.
d2 = frequency of phase 2 cells in donor culture.
ty = Coefficient of transduction of Hy locus.
Coefficient of transduction of H, locus.
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